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ABSTRACT
A video recording system with a visible light blocking filter to
give sensitivity in the 0.78 to 1.1 um waveband detected freeze-damaged
citrus leaves rapidly. With this technique, the time to analyze images
can be decreased from about one day for conventional photography to less
than one hour for video recording.
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Reflectance measurements detected freeze-damaged citrus (Cif
aura nNum Linn.) leaves within 5 hours after freezing temperatures;
infrared and conventional color photography did not detect the damage
for about 30 hours (3, 7 9 8). The usefulness of reflectance for leaf
freeze detection was further substantiated in studies with the cotton
(Gossypium hirsutum L.) plant (5, 6). However, the use of narrow-band
photography on citrus plants for leaf freeze detection warrants further
investigation (2).
Our objective was to test a video recording system with a visible
light blocking filter to give sensitivity in the 0.78 to 1.1 ti,m near-
infrared waveband to quickly detect citrus leaf freeze damage. We wanted
to decrease the time to analyze images from about one day for conventional
photography to less than one hour by video recording.
1
3MATERIALS AND METHODS
One-year-old sour orange seedlings (Citrus aura nti um Linn.) were
grown in pots in an unshaded greenhouse that was cooled with air
circulated through moist pads. Temperatw-es ranged from 23.9 to 35.0 C.
and humidity ranged from 70 to 95%. Ten plants were transferred to a
freezing chamber (frozen), and 10 plants were left in the greenhouse
(nonfrozen). The temperature regime was 4.4 C for 1 hour after which it
was decreased at a rate of 1.1 C/hour until it reached -7.8 C, where it
remained for 4 hours. The temperature was then increased to 4,4 C at a
rate of 1.1 C/hour.
Reflectance measurements were made in less than 10 minutes on leaves
collected from each frozen and nonfrozen plant held in the dark at 4.4 C.
The leaves were taken from about 25 cm below the plants' apex.
A Beckman Model DK-2A spectrophotometer, equipped with a reflectance
attachment, was used to measure total diffuse reflectance on upper.
(adaxial) surfaces of single leaves over the 0.5 to 2.5 um waveband (WB).
(Mention of company name or trademark is for the readers' benefit and
does not constitute endorsement of a particular product by the U.S.
Department of Agriculture over others that may be commercially available.)
Data were corrected for decay of the barium sulfate standard to give.
absolute radiometric data (1).
Leaf thickness was measured with a linear-displacement transducer and
digital voltmeter (4). Water content of the leaves was determined by oven-
drying at 68-C for 48 hours, cooling in a desiccator, and weighing.
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71wenty-four hours after completing spectral measurements, the frozen
and nonfrozen plants were removed from the chamber and the greenhouse,
respectively, and transferred to an automobile parking lot in juxtaposition
for video recording. At that time, frozen plant leaves had-no external
evidence of freeze damage. The day was sunny and slightly windy with a
temperature of about 25 C.
Nonfrozen and frozen plants were video recorded at a distance of
about 6 m above their tops wi'.h a Sony Portable Video camera AVC-3450
TM
modified with RCA Ultricon 4875/U camera tube to increase the near-,
Infrared sensitivity from the 0.95-pm upper limit for infrared photog-
raphy to 1.1 pm. A Kodak Wratten Filter No. 87C was used with the video
camera to block the visible light and to allow transmittance of light
from the 0.78 to 1.1 pm WB (Fig. 1) .
The video camera was connected to a-Betamax portable video cassette
recorder, Model SLO-340. Immediately after video recording plants, the
taped were played back in a Betamax video cassette player, Model SLP-303,
that was connected to a Panasonic Video Monitor, Model CT 1910M. The
recorded imagery w?s analyzed visually in about 5 minutes. Video images
were photographed from the video monitor, using Kodak panchromatic B&W
film.
RESULTS AND DISCUSSION
Reflectances for frozen and nonfrozen citrus leaves over the 0.5 to
2.5 um (WB) are shown in Fig. 2. Frozen leaf reflectances were signifi- 	
.
cantly lower (p = 0.01) than those of nonfrozen leaves over the entire
WB. However, the largest difference°r, between them occurred within the
0-.75- to 1.35-um WB. The frozen and nonfrozen leaves that were used for
the spectral measurements had essentially similar water contents, 65.1 to
64.9x, respectively. Frozen leaves, however, were significantly (p = 0.01)
thinner (0.128 mm) than nonfrozen leaves (0.156 mm). Apparently, frozen
leaf cells collapsed, and leaf turgidity was decreased (3).
A photograph of the frozen (upper-right-hand cluster) and nonfrozen
(lower-left-hand cluster) citrus plants from a video recording is shown .
in Fig. 3. The-whitish'A -•appearance of the nonfrozen plant cluster resulted
from high near-infrared light reflectance; whereas, the opaque appearance
of the frozen plant cluster was caused by lower near-infrared light reflec-
tance. Although a few frozen leaves had lost their water-soaked appearance
at the time of video recording, the imagery still  distinguished them from
the nonfrozen leaves because of their low light reflectance (7). Therefore,
the effectiveness of this video system with the visible light blocking
filter was caused by the higher reflectance of. nonfrozen leaves than•that
of frozen leaves over the 0.78 to 1.1 um WB (Fig. 2).
We concluded that the use of the video recording system described in
this paper with a visible light blocking filter.can detect freeze -damaged
citrus leaves.rapidly over the 0.78 to 1.1 um WB, and that the time to
analyze images can be decreased from about one day for conventional photog-
raphy to less than one hour for video recording. This system, therefore,
is superior to conventional photography to detect the .freeze damage of
citrus plants.
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FIGURE CAPTIONS
Fig. 1. The light transmittance for the Kodak Wratten Filter No. 87C.
Fig. 2. Light reflectancesfor frozen and nonfrozen citrus leaves over
the 0.5 to 2.5 um WB.
Fig. 3. A photograph of the frozen (upper-right-hand cluster) and
nonfrozen (lower-left-hand cluster) citrus plants.
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